Introduction
Ewes which have grazed highly oestrogenic subterranean clover for several seasons develop a perma¬ nent infertility (Bennetts, Underwood & Shier, 1946) that is part of the syndrome called clover disease.
The infertility is associated with a failure of the cervix to maintain a normal sperm reservoir (Lightfoot, Croker & Neil, 1967) because of abnormalities in the cervical mucus (Adams, 1976) . It has been suggested that the central nervous system may also be affected because the infertility persists for years after the ewes are removed from the oestrogenic pasture (Underwood & Shier, 1951) .
In ovariectomized ewes with clover disease, the hypothalamus has a reduced ability to stimulate the release of LH in response to treatment with oestradiol-17ß (Findlay et ai, 1973) . As well as the areas of hypothalamus which control gonadotrophin release, there are also sites within the hypo¬ thalamus which control sexual behaviour (Clegg & Ganong, 1960; Radford, 1967; Przekop & Domanski, 1970) . Several different behavioural characteristics have been associated with the occur¬ rence of oestrus in ewes (Banks, 1964; Tomkins & Bryant, 1974) and the incidence, time to onset, and duration of behaviour such as standing to be mounted by the ram, are directly related to the amount of oestrogen to which the ewe is exposed (Scaramuzzi, Lindsay & Shelton, 1971 ). However, the duration of oestrous behaviour is reported to be unaffected in intact ewes with clover disease (Smith, 1971 ; Lightfoot et al., 1974) . This may be due either to a failure of the behavioural responses in the affected ewes to diminish, as does the LH response reported by Findlay et al. (1973) , or to a greater supply of endogenous oestrogen in clover-affected ewes at oestrus. The present work was to examine the be¬ havioural responses to oestrogen in ovariectomized ewes with and without clover infertility to determine which of these alternatives is correct.
Materials and Methods
The ewes were taken from the flock studied by Rossiter & Marshall (1974) . Eleven The doses in this experiment were those suggested by Reardon & Robinson (1961) . Differences in the incidence, time to onset, and duration of behaviour characteristics were estimated. The 11 cloveraffected ewes and 13 control ewes were injected i.m. with 10 mg progesterone in arachis oil daily for 10 days, and 72 h after the last progesterone injection each ewe was given an i.m. injection of 10-0,15-6 or 24-3 µg OB in arachis oil. The progesterone pretreatment and trial was repeated 3 times, so that each ewe received each dose of oestrogen. A recovery period of 1 week was allowed between each trial. A fourth trial was conducted 2 weeks after the third: the ewes received progesterone pretreatment, followed by arachis oil only and were observed at 4-h intervals for 32 h after the arachis oil dose.
Statistical analysis
The results from Exp. 1 were examined by regression analysis, but this method could not (Table 2 ). There was a significant increase in the number of ewes showing this sign in any observation period when treated with 10 µg OB than when no oestrogen was given (Wilcoxon's Test, < 0-05). There was, however, no significant increase in the number of ewes looking over their shoulder as the dose of OB increased from shoulder increased significantly with the higher dose of OB in this experiment (1-5 ± 0-3 and 5 ± 0-5 periods at 10 and 24 µg OB, respectively; paired t,6 = 5-8, < 0001). However, the time to onset of this behaviour did not vary with the OB dose (Table 2) . Differences between clover-affected and control ewes It is apparent from Table 2 that, when treated with 24-3 µg OB, fewer clover-affected than control ewes showed those signs associated with higher levels of oestrogen treatment, including being mounted, standing, soliciting, tail fanning and kicking. In the clover-affected ewes the mean number of periods in which these signs were recorded for active ewes was also fewer and the time to onset was longer.
When ewes were treated with 15 µg OB, clover-affected ewes were mounted later than controls (P < 0-01 ), and clover-affected ewes took significantly longer to stand for the ram to mount (P < 0-05).
There were no differences between groups of ewes treated with 10 µg OB. No differences were observed at any dose for those behavioural signs which were not associated with high oestrogen doses (squat¬ ting, Flehmen or looking over the shoulder).
Discussion
There were no differences between clover-affected and control ewes in those signs which were inde¬ pendent of oestrogen treatment (squatting by the ewe, or Flehmen by a ram after sniffing the ewe). (Radford, 1967; Przekop & Domanski, 1970) , as in most other species (see Ciaccio &Lisk, 1973 ; Everitt & Herbert, 1975) , the present findings support the hypothesis of Findlay et al. (1973) that the hypothalamus of ewes with clover infertility is less sensitive to oestrogen. Findlay et al. (1973) were unable to detect a positive feedback effect of oestradiol on LH levels in 4 of 5 clover-affected ewes injected intravenously with 40 µg oestradiol-17ß, although the LH response of the pituitary to Gn-RH was unimpaired. In contrast, the desensitization of the hypothalamus of clover-affected ewes in the present study was much less clear-cut. This discrepancy may be due to differences between the sheep used in the two studies, or to a greater sensitivity of the neurones responsible for the positive feedback of oestrogen on LH to previous prolonged exposure to plant oestrogens. Another explanation of the difference is that a depot injection of OB in oil was given intramuscularly in the present study, whereas Findlay et al. (1973) infused oestradiol-17ß in saline into the jugular vein. The more prolonged exposure to oestrogen in the present work may have diminished the effects of hypothalamic insensitivity, as suggested by Powers (1975) . It is likely that the duration of exposure to oestrogen at natural oestrus would also be sufficient to diminish the effects of reduced sensitivity to oestrogen for LH release by the hypothalamus. This could explain why the regularity of the duration of the oestrous cycle is not greatly affected in ewes with clover disease (Adams, Lightfoot & Charlick, 1975) . Smith (1971) (Fletcher & Lindsay, 1971 ; Scaramuzzi et ai, 1971) (Reardon &Robinson,1961; Scaramuzzi et al., 1971 ; Fletcher & Lindsay, 1971 ) the differences between the clover-affected and control ewes were relatively minor in the present experiments. Standing, being mounted, soliciting, looking over the shoulder, tail fanning and kicking, all appeared to be expressed to a degree dependent on the dose of oestrogen, but only standing behaviour has been used previously in assaying doses of oestrogen. 'Looking over the shoulder' may have value in future studies on responses to low doses of oestrogen, since its expression is related to oestrogen dose, and it can be observed in ewes treated with low doses of oestrogen that do not induce other signs of behaviour.
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